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ABSTRACT 

We investigate the conditions for radio emission in rotating and oscillating magnetars, by 
focusing on the main physical processes determining the position of their death-lines in the 
f-P diagram, i.e. of those lines that separate the regions where the neutron star may be radio- 
loud or radio-quiet. After using the general relativistic expression for the electromagnetic 
scalar potential in the magnetar magnetosphere, we find that larger compactness parameters of 
the star as well as larger inclination angles between the rotation axis and the magnetic moment 
produce death-lines well above the majority of known magnetars. This is consistent with the 
observational evidence of no regular radio emission from the magnetars in the frequency 
range typical for the ordinary pulsars. On the contrary, when oscillations of the magnetar 
are taken into account, the death-lines shift downward and the conditions necessary for the 
generation of radio emission in the magnetosphere are met. Present observations showing 
a close connection between the burst activity of magnetars and the generation of the radio 
emission in the magnetar magnetosphere are naturally accounted for within our interpretation. 
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1 INTRODUCTION 

Magnetars are neutron stars with very strong magnetic fields, 
namely Bq ^ 10''' - lO'^G (Duncan & Thompson 1992), in com- 
parison with the magnetic field of ordinary pulsars, Bq - lO'^G. At 
the moment 21 magnetars are known', 9 of which as soft gamma- 
ray repeaters (SGRs) and 12 of which as anomalous X-ray pulsars 
(AXPs). Magnetars distinguish from ordinary pulsars also because 
they have larger periods of rotation, P ^ 5 - 10 s, and they spin 
down much faster, with typical P ^ 10"'" - 10"'^ in contrast to 
p ~ 10"'^ for ordinary pulsars^. These numbers provide the huge 
magnetic fields reported above, through the simple dipolar approx- 
imation So - 2(P/'_i5)''^10'^G. In addition, magnetars are charac- 
terized by persistent X-ray luminosities Lx ~ lO'* - 10"' erg s"' , no 
evidence of Doppler shifts in the light curves and lack of any bright 
optical companion. The canonical magnetar model, proposed by 
Duncan & Thompson (1992), is based on the consideration that. 



unlike the case of radio pulsars, the global energetics of magne- 
tars is accounted for by magnetic energy, rather than rotational 
energy (Kramer 2008). Recent reviews reporting both theoretical 
modeling and observations of SGRs and AXPs can be found in 
Woods & Thompson (2006) and Hurley (2009). 

The activity of magnetars is observed in the form of bursts in 
X-ray and y-ray bands, while there is no periodic radio emission 
from the majority of magnetars in the same range of frequencies 
of ordinary pulsars. It was recently shown by Istomin & Sobyanin 
(2007) (hereafter ISO?) that the absence of radio emission from 
magnetars is likely to be related to their slow rotation, which would 
also explain the low energy of the primary particles, accelerated 
near the surface of the star. IS07 has also investigated the physics 
determining the slope and the position of the death-line for mag- 
netars, i.e. the line in the P - P diagram that separates the regions 
where the neutron star may be radio-loud or radio-quiet'. 

However, in the recent past two magnetars, namely XTE 



' See the continuously updated on-line catalog at the hurl 

http://www.physics.mcgill.ca/_pulsar/magnetar/main.html. 

^ P is the period of the neutron star, while P is the time derivative of the 

period. 



' Additional information about the neutron star death-line can be found 
in Ruderman & Sutherland (1975), Arons & Scharlemann (1979), Chen & 
Ruderman (1993), Rudak & Ritter (1994), Zhang et al. (2000), Kantor & 
Tsygan (2004). 
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Jl 8 10— 197 and IE 1547.0-5408 (Camilo et al. 2006, 2007), plus 
the candidate source PSR J1622-4950 (Levin et al. 2010), were dis- 
covered that present radio emission very similar to that encountered 
in ordinary pulsars, but still with some peculiar features. It is in- 
teresting to note that in both the radio-magnetars AXP Jl 8 10- 197 
and IE 1547.0-5408, the radio emission was anticipated by a X- 
ray burst. Moreover, recent observations of quasi-periodic oscilla- 
tions in the initially rising spike and decaying tail of the spectra of 
SGRs (Barat et al. 1983; Israel et al. 2005; Terasawa et al. 2005; 
Strohmayer & Watts 2006) suggest that neutrons stars in general, 
and magnetars in particular, may be subject to some seismic events, 
so called glitches, producing mechanical oscillations of the stellar 
crust (Schumaker & Thorne 1983; McDermott et al. 1988; Duncan 
1998; Glampedakis et al. 2007; Timokhin et al. 2008; Eichler & 
Shaisultanov 2010; Colaiuda & Kokkotas 201 1), and providing the 
opportunity to infer crucial information about the internal structure 
of these objects (Levin 2007; van Hoven & Levin 2011). Oscil- 
lations of the stellar crust, as in the case of the earthquakes, may 
cause electromagnetic events in the plasma magnetosphere of the 
neutron stars and have influence on the parameters of this mag- 
netosphere. Investigations of the electrodynamics of the oscillat- 
ing neutron star magnetosphere have been performed by Timokhin 
et al. (2000), Abdikamalov et al. (2009), Ahmedov & Morozova 
(2009) and Morozova et al. (2010). The burst character of magne- 
tars activity indicates that they may be subject to diiferent kind of 
perturbations (and therefore oscillations) with a probability higher 
than that found in ordinary pulsars. In the present paper we con- 
sider the influence of magnetar oscillations on the conditions for 
the radio emission generation in the magnetosphere of magnetars. 
In particular, we revisit the problem of magnetars death-line, by 
taking into account the role both of rotation and of toroidal oscilla- 
tions in a relativistic framework. Although our analysis follows the 
general logic presented in IS07, for the electromagnetic scalar po- 
tential in the magnetosphere of the neutron stars we adopt the more 
consistent expressions reported by Muslimov & Tsygan (1992) and 
Morozova et al. (2010). We show that, by virtue of this modifi- 
cation, the lack of radio-emission from magnetars, at least in the 
radio-band typical for the ordinary pulsars, can be naturally ex- 
plained. Moreover, we also show that, as in the case of ordinary 
pulsars (Morozova et al. 2010), the oscillations make the death-line 
shift down, allowing for some magnetars to become radio-loud. 

The plan of the paper is the following. In Section 2 we discuss 
the properties of the death-line for magnetars, while introducing 
some basic concepts. Subsection 2.2, in particular, is devoted to the 
aligned magnetars and it considers the dependence of the death- 
line position on the compactness parameter of the magnetar. while 
in Subsection 2.3 we investigate the dependence of the death-line 
position on the inclination angle of the magnetar. Section 3, on the 
other hand, is devoted to the case of rotating as well as oscillating 
magnetars. Finally, Section 4 contains the conclusions of our work. 

In the rest of the paper we adopt a system of units for which 
h = A = c = 1, where fe is the Planck constant, A is the Compton 
wavelength of the electron and c is the speed of light. The final 
estimations for the magnetic field are given in Gauss. 



2 RELATIVISTIC DEATH-LINE FOR MAGNETARS 

2.1 Basic concepts 

IS07 investigated the distribution function of electrons and 
positrons in the magnetosphere of magnetars and they showed that 



the possible Lorentz factor of the particles in electron-positron 
plasma is restricted by the boundary values y„„„ and y„ax- The 
maximum value y„,aj^ is determined by the energy k of the pho- 
tons producing the electron-positron pairs in the neutron star mag- 
netosphere. These photons are emitted by the primary particles, 
pulled out from the surface of the neutron star and accelerated to 
ultra-relativistic velocities very close to the star surface due to the 
presence of the unscreened component of the electric field paral- 
lel to the magnetic field. The characteristic energy of these pho- 
tons, called curvature photons, is given by k = dyg/lp, where yg 
is the Lorentz factor of the primary accelerated particles and p is 
the radius of curvature of the magnetic field lines in the point of 
emission. The creation of the electron-positron pair by the single 
photon moving in the magnetic field of the star is possible if the 
angle d between the trajectory of the photon and the magnetic field 
lines reaches some threshold value S, = 2/k. As it was shown in 
Beskin et al. (1993) the energy of the photon generating the pair 
is distributed between the electron and positron almost evenly and 
the Lorentz factor of created particles is determined by the expres- 
sion y = 1/6 (see also Beskin (2010)). Thus, one may find the 
maximum value of the Lorentz factor of the produced particles as 
7max = l/i5f ~ 3yg/4p, which, obviously, decreases with increasing 
radius of curvature of the magnetic field lines and depends on the 
energy of the primary accelerated particles. 

The minimum value of the Lorentz factor of particles in the 
electron-positron plasma magnetosphere of the neutron star y,„j„ is 
determined by the geometry of the magnetic field of the neutron star 
and increases with the increasing radius of curvature of magnetic 
field lines. IS07 found y„j„ = p/zo, where zo is the distance of the 
photon emission point from the center of the star along the dipole 
axis. The key point of the discussion, which allows to determine 
the slope of the death line in the P-P diagram, is that, by equating 
7„„„ and ymax, one can get the condition for the minimum value of 
the magnetic field for which the production of the electron-positron 
pairs in the magnetosphere of the neutron star is still possible. 

IS07 have also shown that the condition y„j„ = y„,ax is equiv- 
alent to the condition // „,„ = R^, where // is the mean free path 
of the photons emitted by primary particles near the stellar surface 
and /?, is the stellar radius. After using this condition, IS07 com- 
puted the minimum value of the magnetic field allowing for effec- 
tive electron-positron plasma production within the magnetosphere 
of a rotating magnetar. In particular, the slope of the death-line of 
ordinary pulsars, with surface magnetic fields of the order of lO'^G, 
turns out to be 1 1 /4, while that of magnetars, with surface magnetic 
fields of the order of lO'^G, is 11/3. This is due to the different 
absorption coefficients for the curvature photons in the case of rel- 
atively weak magnetic fields, namely when B > B^, and in the case 
of the huge magnetic fields of magnetars"*, namely when B » Be- 

The minimum possible mean free path of curvature photons 
can be found using the relation If = p/y„,ax (see IS07) with 
7max = 37q/4p, taking into account that 70 is determined by the 
the scalar potential accelerating the first generation of particles, i.e. 
yo = mo,cp)\. 

Here we assume that the structure of the magnetar magneto- 
sphere has the same qualitative features of the magnetosphere of 
ordinary pulsars. In particular, we assume that the magnetic field 
of the magnetar has a dipolar structure, with a region of closed 
field lines co-rotating with the star, and, in addition, a region of so 



The critical magnetic field is defined as B^ = m c /eti x 4.414 X 10 G, 
where m is the electron mass and e is the electron charge. 
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called open magnetic field lines, escaping to infinity through the 
surface of the light cylinder. Moreover, at the surface of the star the 
open magnetic field lines form a region, known as the polar cap 
region, which is very relevant in the context of particle accelera- 
tion mechanisms within neutron star magnetospheres. Unlike IS07, 



who adopted a Newtonian approximation for the electromagnetic 
scalar potential in the vicinity of the polar cap region, in our anal- 
ysis we have used the consistent relativistic expression provided 
by Muslimov &. Tsygan (1992), which is valid at angular distances 
©0 << '7 - 1 << RcIRs, i-e. 
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where rj = r/R, is the dimensionless radial coordinate, ©(t/) is the 
polar angle of the last open magnetic field line, given by 
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©0 is the polar angle of the last open field line at the surface of the 
star, given by^ 
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while Q., Re = I /CI, Oo = ClBoR^ are the angular velocity of the 
neutron star rotation, the radius of the light cylinder and the char- 
acteristic value of scalar potential generated in the vicinity of the 
neutron star, respectively. Finally, x is the inclination angle be- 
tween the angular momentum of the neutron star and its magnetic 
moment, e = 2GM/Rs is the compactness parameter, G is the grav- 
itational constant, /? = ///q is the moment of inertia of the star in 
units of k = MR], k = e/3, and ^ = (9/0. 

It is worth stressing that Eq. (1) is the approximation of a more 
complex expression involving Bessel functions (see, for example, 
equations (50) and (51) of Mushmov & Tsygan (1992)). Although 
such an approximation makes Eq. (1) more suitable to describe the 
scalar potential at relatively large distances from the star, after pass- 
ing through the first zero of the zeroth-order Bessel function, the 
scalar potential ceases to change noticeably with the radial coordi- 
nate, tending to its asymptotic value. As a result, in the rest of our 
analysis, when we consider the dependence of the death-line on 
such parameters as the compactness of the star e or the inclination 
angle x, we will use the asymptotic expression provided by equa- 
tion (1). With this caveat in mind, the results we obtain become 
more and more realistic in the far pair creation region and appli- 
cable in principle if this region lies at distances larger than Rplpi 
from the surface of the star (see also IS07), where Rp is the trans- 
verse size of the polar cap of the neutron star magnetosphere and 
Hi x: 2.4 is the first root of the zeroth-order Bessel function. 

^ Note that the small angles approximation is applicable since the radius of 
the polar cap is of the order of a few hundred meters, while the typical value 
for the radius of the star is 10km. 



Expression (1) for the electromagnetic scalar potential con- 
sists of two terms. The first one is purely general relativistic and it 
contains the relativistic parameter k which tends to zero in the case 
of a non-relativistic star. The second term also contains some rela- 
tivistic corrections, encoded in the functions H(rj) and /(;?), but, un- 
like the first term, it does not vanish in the case of a non-relativistic 
star. However, as noticed by Muslimov & Tsygan (1992), unless the 
rotator is exactly orthogonal (x = 90°), the general relativistic com- 
ponent of the electromagnetic scalar potential, and therefore of the 
accelerating electric field in the polar cap region of the neutron star, 
is approximately 10^ times greater than the scalar potential in the 
flat-space limit (for typical values of the neutron star parameters). 
Hence, in the model we are considering, the origin of the electro- 
magnetic scalar potential in the polar cap region of the neutron star 
is mainly contributed by general relativistic Lense-Thirring effect 
of dragging of inertial reference frames through the parameter k. 



2.2 Dependence of the death-line on the compactness 
parameter of the magnetar. 

We first consider the case x = 0, namely when the rotation axis 
of the neutron star is aligned with the magnetic moment. Then, 
after using Eq. (1) for the scalar potential in the polar cap region of 
the magnetar, we obtain the following expression for the minimum 
possible mean free path of the curvature photons in the magnetar 
magnetosphere 
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In the derivation of the above equation we have used the expres- 
sion for the radius of curvature of the magnetic field line (see IS07), 
namely p = 4 s/zR/S, written in cylindrical coordinates (r, z), where 
r denotes the distance from the dipolar magnetic field axis to the 
point of observation, z denotes the distance from the stellar center to 
the point of observation along the dipole axis and R is the distance 
from the stellar center at which a given field line will cross the z = 
plane when extended as a dipole one, namely R = z^/r^ = const 
for a given field line. Eq. (5) difi"ers from Eq. (62) by ISO? in two 
respects. Firstly, we have adopted the parameter k rather than the 
phenomenological parameter (1 - ig), allowing us to explore the de- 
pendence of the death-line position on the compactness parameter 
of the magnetar in a rigorous way. Secondly, our Eq. (5) includes 
the term /'(I) in the numerator, which represents a genuine gen- 
eral relativistic correction. The minimum of the mean free path If 
as a function of the coordinate ^ is obtained for ^ = 1/2. Equating 
'/ min to the stellar radius one immediately obtains the value of the 
magnetic field for which the generation of secondary plasma in the 
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Figure 1. Death-lines for the aligned magnetar determined by Eq. (7) for diiferent values of the parameter k. The dashed line indicates the position of the 
death-line from IS07. The moment of inertia of the magnetar is taken to be 7 = iC'^g cm". Crosses and squares indicate the position of soft gamma-ray 
repeaters and anomalous X-ray pulsars, respectively. Anomalous X-ray pulsars from which the radio emission has been registered are marked with ticks, 
radio-loud soft gamma-ray repeater is enclosed in circle. 



magnetosphere of the magnetar is still possible: 

which gives the expression for the death-line of the magnetars in 
the form 



logP = —\ogP- 15.6- 
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There is unfortunately a great uncertainty in the determination 
of both the moment of inertia and the mass of known magne- 
tars, because all of them are isolated objects not included in a 
binary system. In the absence of more precise observational data 
one may, however, use the approximate formula applicable for the 
neutron stars, k - 0.i5I^^IR(„ derived by Muslimov & Harding 
(1997) to evaluate the parameter k for magnetars. Using the value 
/ ~ lO'^^g cm^ (Malheiro et al. 2011) we can therefore draw the 
magnetar death-lines, reported in Fig. 1, for the different values 
of the radius of the magnetar. In addition, we have also reported 
the observational data for magnetars as taken from the ATNF cata- 
log (Manchester et al. 2005). The most relevant result highlighted 
by Fig. 1 is that general relativistic ejfects alone make the death- 
lines shift upwards, and therefore move magnetars in the radio- 



quiet zone below the death-line. This is in agreement with the ob- 
servations indicating that there is no periodic radio emission from 
the magnetars in the range of frequencies typical for ordinary pul- 
sars. IS07 propose several arguments to explain the fact that most 
of the magnetars in their Fig. 1 are placed in the radio-loud zone 
in the P - P diagram, contrary to observations. On the other hand, 
such ad hoc arguments are not necessary within our interpretation, 
where the radio-quietness is naturally explained as due to purely 
relativistic eifects. 

It should be emphasized that according to our result the non- 
relativistic case corresponds to zero k, i.e. the complete absence 
of the accelerating potential for the aligned magnetar. This further 
clarifies the general relativistic origin of the accelerating potential 
in the considered case, related to the Lense-Thirring eifect of the 
dragging of the inertial reference frames. 
2.3 Dependence of the death-line on the incUnation angle of 

the magnetar. 

As a next step we investigate the dependence of the magnetar death- 
line on the inclination angle between the angular momentum of the 
magnetar and its magnetic moment. By using Eq. (1) with nonzero 
X, we obtain the following expression for the minimum mean free 
path of the curvature photons 
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where 
. K - 3Rl'^ HW I 0(77) \ . 

while f„,;„ may be found as a solution of the cubic equation 

Ub^l,,, + Sfl^L - 5b^„„„ - 2h^^,„ = , (10) 



obtained by setting to zero the derivative of the mean free path //. 
We note that in the derivation of Eq. (10) we have used the fact 
that h > 0,so the minimum of the mean free path If corresponds to 
the value cos = 1. As already mentioned above, at the considered 
distances from the star surface we are allowed to use the values of 
the functions H(r]) and /(;/) in the limit of large rj, therefore adopt- 
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Figure 2. Death-lines for the misaligned magnetar for different values of the inclination angle x- The value of k is taken to be 0. 1 . The dashed line indicates 
the position of the death-line from 1S07. The moment of inertia of the magnetar is taken to be / = 10^' gem". Crosses and squares indicate the position of soft 
gamma-ray repeaters and anomalous X-ray pulsars, respectively. Anomalous X-ray pulsars from which the radio emission has been registered are marked with 
ticks, radio-loud soft gamma-ray repeater is enclosed in circle. 



ing H{rD a f{ri) x 1. The value of (s){rj)l(dQ, on the other hand, is 
determined after using equation (3) in the small angle approxima- 
tion. Under these assumptions we have solved Eq. (10) numerically 



finding the following expression for the death-line of the inchned 
magnetar: 
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In Fig.2 we have reported a few death-lines for magnetars 
having different inclination angles, while keeping the same com- 
pactness parameter k = 0.1. This figure shows that, by increasing 
the angle x between the angular momentum vector of the star and 
its magnetic moment, the death-line is shifted upwards. Although 
this effect is even more pronounced than that produced by purely 
general relativistic effects, its physical relevance for explaining the 
radio-quietness of magnetars cannot be over-emphasized, since it 
would imply a implausible strong misalignment in all magnetars 
that have been observed. 



3 DEATH-LINE FOR THE ROTATING AND 
OSCILLATING MAGNETARS 

In this section we consider magnetars that are subject to toroidal 
oscillations, relying on results obtained by Timokhin (2007) and. 



Morozova et al. (2010). In spherical coordinates (r, 6, (f>) the veloc- 
ity field of an oscillating neutron star can be written as (Unno et al. 
1989) 
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where f) is the radial eigenfunction expressing the amplitude of the 
oscillation, oj is the frequency of oscillation and the orthonormal 
functions Yii„{d, (p) are the eigenfunctions of the Laplacian in spher- 
ical coordinates. 

The electromagnetic scalar potential in the polar cap region 
of rotating and oscillating aligned neutron star magnetosphere has 
been computed by Morozova et al. (2010) and it is given by 
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This equation differs from the analogous equation (33) by Mo- 
rozova et al. (2010) in one fundamental respect. Namely, the oscil- 
latory part of the scalar potential is missing the term proportional 



to l/r^ that was reported in Eq. (33) by Morozova et al. (2010), 
because we have taken the asymptotic value as discussed above. 

For any particular mode (/, m), we use the approximation 
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Yi^{0,ifi) ~ Ai„{ifi)d"', valid in the limit of small polar angles 9, 
where the terms A;„(0) have real parts given by 

(14) 

(15) 

(16) 

(17) 

(18) 
In addition, since we do not explore the time evolution of the sys- 
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tem, in the calculations that follow we drop the time dependence of 
the oscillatory term (computed at time r = as in Morozova et al. 
(2010)), we then recall the definition ^ = 9/&, and we therefore 
rewrite Eq. (13) as 
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where one takes into account the expressions (3) and (4) for the 
and 00, respectively. 

At this point, by repeating the procedure already described 
in Sec. 2.2 and 2.3, but with the scalar potential in the polar cap 
region given by Eq. ( 1 9), we find the mean free path of the curvature 
photon in the form 
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The minima of (20) clearly depends on the choice of the mode 
(/, m) that is considered. For example, for ra ^ 0, the minimum of 
If comes after solving the following quadratic equation 
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When ra = 1 and m = 2 the solution of equation (21) is given by 
-5* + V25fo2 + 64^2 
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for m = 1 , and (23) 

for m = 2 . (24) 



In the absence of oscillations, namely when b = Q, both cases m = 
1 and ra = 2 give the minimum of // at the value f„„„ = 1/2, 
corresponding to the case of pure rotation (Istomin & Sobyanin 
2007). After performing an averaging on the azimuthal angle 0, 
we derive the condition for radio emission on the intensity of the 
magnetic field, which, for m ^ 0, is given by 
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We then proceed in complete analogy with Sec. 2.2, namely 
by assuming that the magnetar spins down due to the generation 
of magnetodipole radiation, so that Bq ^ 2(/'/'_i5)''^10'^G. In this 



way the equation of the death-lines for oscillating and rotating neu- 
tron stars is 



log/'-i5 = ylog/'-0.6 + log(C2), 



C = 2-hnij'fJl ^(1 - ej - 2p^ I^^J" C.A,.(1» 



(26) 
(27) 



where P-is is the period time derivative measured in 
10^'^s s"'. The amplitude of the oscillation is now parametrized 
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Figure 3. Death-lines for rotating and oscillating magnetars in the P - P diagram. The left panel corresponds to the mode (1,1) and values of K = 
,0.01 ,0.02 ,0.03. The right panel corresponds to the mode (2, 1) and values of A" = ,0.01 ,0.02 ,0.03. Other parameters are taken to be R, = 10km, 
M = 2M0 and a: = 0. 15. Crosses and squares indicate the position of soft gamma-ray repeaters and anomalous X-ray pulsars, respectively. Anomalous X-ray 
pulsars from which the radio emission has been registered are marked with ticks, radio-loud soft gamma-ray repeater is enclosed in circle. 



in terms of the small number K = fi(i)IQR, giving the ratio be- 
tween the velocity of oscillations and the linear rotational veloc- 
ity of magnetar. Fig. 3 reports the death-lines for rotating as well 
as oscillating magnetars for two modes of oscillations and differ- 
ent values of the parameter K. In particular, the left panel shows 
the case / = \,m = 1, while the right panel shows the case 
I = 2,m = 1, thus providing the two most relevant physical cases 
for non-axisymmetric modes. Unlike the effects induced by general 
relativistic corrections and by the inclination angle x, which only 
produce shifting of the death-lines without affecting their slope, 
changes in the intensity of the oscillation affect both the slope and 
the shifting of the death-lines. In particular, larger values of A^ pro- 
duce smaller slopes (though converging to a constant value) and 
downward shifting in the P - P diagram. On the overall, stronger 
oscillations of the modes with m = \ contribute to radio-loudness 
of magnetars. This result is in agreement with the work by Moro- 
zova et al. (2010), where it was found that that oscillation modes 
with m= \ considerably increase the electromagnetic energy losses 
from the polar cap region of the neutron star, which may be several 
times larger than in the case when no oscillations are present. 

In a recent paper, Timokhin et al. (2008) invoked stellar os- 
cillations to explain the observed quasi-periodic oscillations in the 
tail of soft gamma repeater giant flares. Such oscillations lie in the 
range between 18 Hz and 1800 Hz, and are widely interpreted as 
shear modes of the solid crust of the neutron stars (Steiner & Watts 
2009). Timokhin et al. (2008) showed that the stellar oscillations 
should be of the order of 1% of the stellar radii, in order to ex- 
plain the observed phenomenology. It is interesting to note that, 
when translated in terms of our parameter K, these estimates imply 
AT ~ 0.1 or higher, while we have shown that noticeable effects on 
the magnetospheric features of the magnetars are already present 
for K ~ 0.01 - 0.03. 

A complementary information to that of Fig. 3 is provided by 
Fig. 4, where we have plotted the velocity field for a few modes of 
stellar oscillations (see also Timokhin et al. (2000)). The electron- 
positron plasma in the neutron star magnetosphere is expected to 
be continuously generated in the polar cap region, where magnetic 
field lines are open and the plasma may freely escape from the sur- 
face of the star to infinity. When the star rotates, the linear velocity 
of the stellar surface motion is of course proportional to the dis- 



tance from the axis of rotation to the considered point. Therefore, 
in the polar cap region this velocity is proportional to the polar an- 
gle. When we limit our attention to the polar cap region, namely by 
looking at the top of each sphere reported in Fig. 4, we see that the 
velocity distribution for the oscillatory modes with m = has the 
same form as for the case of pure rotation. For the modes m= 1 , on 
the other hand, the velocity of oscillations remains almost constant 
across the polar cap region. This further indicates that the modes 
with m = \ have greater impact on the magnetosphere processes 
and, therefore, merit more attention. 



4 CONCLUSIONS 

It was not until 2006 that the first detection of a radio magnetar was 
reported. To date, only two radio magnetars have been confirmed, 
namely XTE J1810— 197 and IE 1547.0-5408 and it remains un- 
clear what is the physical mechanism preventing the radio-loudness 
of these sources. 

In this work, by using the general relativistic expression for the 
accelerating electromagnetic scalar potential in the vicinity of the 
polar cap, we have performed a detailed analysis of the position of 
the death-line in the P- P diagram. Our results can be summarized 
as follows: 

• When the compactness of the neutron star is increased, the 
death line shifts upwards in the P-P diagram, pushing the magnetar 
in the radio-quiet region. This is a purely general relativistic effect. 

• When the inclination angle ;^' between the angular momentum 
vector of the neutron star and its magnetic moment is increased, 
the death-line shifts upwards in the P-P diagram, pushing the 
magnetar in the radioquiet region. 

• On the contrary, when oscillations of the magnetar are taken 
into account, the radio emission from the magnetosphere is gener- 
ally favored. In fact, the major effect of oscillations is to amplify 
the scalar potential in the polar cap region of the magnetar magne- 
tosphere. As a result, the energy of primary particles that are pulled 
out and accelerated in the vicinity of the stellar surface is enhanced, 
and the probability of effective electron-positron plasma generation 
is increased. The largest effect is expected for oscillation modes 
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Figure 4. Velocity distribution for a few different modes of stellar oscillations. 



with m = 1, whose velocity field is almost uniform in the polar cap 
region. 

It is worth stressing that, according to our explanation, there is 
not a unique death line which is valid for the entire class of magne- 
tars. On the contrary, each source has its own death line that is de- 
termined by individual physical conditions. This also implies that 
a source in the P — P diagram may be radio-quiet while another 
source, located below the first one, is radio-loud, just because their 
death-lines are different. While providing an effective explanation 
of magnetar radio-quieteness in terms of the stellar compactness 
and of the misalingment between angular momentum and mag- 
netic moment, our results may also indicate that the unusual ra- 
dio emission observed from some magnetars may be related to the 
generation of oscillations in the magnetar crust. This hypothesis is 
sustained by the registration of preceding bursts from these mag- 
netars. According to this interpretation, one may expect that after 
the magnetar burst, which produces mechanical oscillations of the 
stellar crust, the conditions for radio emission within the magne- 
tospehere are satisfied. However, because of the inevitable damp- 
ing of the oscillations, after a damping time the magnetar will turn 



back to the radioquiet region in the P — P diagram (the deathline 
will shift back upwards). This is qualitatively in agreement with 
observations showing that in radio-loud magnetars the radio emis- 
sion reveals strong fluctuations in time. This is particularly true for 
the candidate radio-magnetars which may be located at the bor- 
der between radio-loud and radio-quiet regions (see Malofeev et al. 
(2007), Malofeev et al. (2010)). Future more accurate observations 
are likely to verify or refute our interpretation by testing if there is 
a close connection between the burst activity of magnetars and the 
generation of the radio emission in the magnetar magnetosphere. 
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